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A method and system for controlling the descent of a 
C0rreSpOndenCe AddreSSI moveable element pivotally attached to a rigid structure is 
KRAMER & AMADO , PC described herein. The moveable element is directly attached 
ATTEN ARLIR M. AMADO to the rigid structure, and is then connected to a compress 
2001 JEFFERSONDAVIS HIGHWAY ible strut, Which is attached to a linkage connected to the 
SUITE 1101 rigid structure. The descent of the moveable element is 
ARLINGTON, VA 22202 (Us) controlled using a microcontroller and a motor attached to 

the linkage, and the control path for the linkage is selected 
(21) Appl, No; 10/206,628 based on a comparison of the angle betWeen the linkage and 

rigid structure and the angle betWeen the moveable element 
(22) Filed: Jul. 29, 2002 and the rigid structure. 
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METHOD AND APPARATUS FOR CONTROLLING 
THE SPEED OF CLOSING OF A MOVABLE 

ELEMENT 

FIELD OF THE INVENTION 

[0001] The present invention relates generally to control 
ling the descent of moveable element, such as a gate. More 
particularly, the present invention relates to controlling the 
descent of a moveable element by measuring the angles 
betWeen pivoting angles. 

BACKGROUND OF THE INVENTION 

[0002] It is common in many ?elds that a door or gate is 
attached to a rigid structure for pivoting around the point at 
Which it is attached. To automate the opening and closing of 
the movable element, a strut is commonly used to further 
connect the rigid and moveable elements. 

[0003] The strut is typically both extendable and collaps 
ible, so that it can alter its length to alloW a movable element, 
such as a gate, to close at a controlled rate. In many 
instances, a linkage is employed to connect the strut to the 
rigid structure. This linkage is pivotable about both the strut 
and the rigid structure. Such as system is illustrated in FIG. 
1. 

[0004] FIG. 1 illustrates an upright rigid structure A, 
attached to the ground G, With a constant angle AG. At one 
end, a moveable element B, such as a gate, is pivotally 
connected to rigid structure A. Linkage D is pivotally 
attached to rigid structure A, and is in also connected to 
moveable element B by strut C. Strut C is pivotally attached 
to both moveable element B and to linkage D. The pivotal 
joints betWeen A and B, and betWeen A and D, are repre 
sented by angles AB and AD respectively. 

[0005] In order to close moveable element B, linkage D is 
rotated With respect to rigid structure A. This reduces the 
pressure on strut C and so angle AB is reduced. As the angle 
AB decreases, due to the continued rotation of linkage D, the 
pressure exerted on strut C by element B increases. This 
pressure causes strut C to shorten by compression of the 
piston. It the angle AB is knoWn at the point When Strut C 
starts to shorten it is possible to control the rate of change of 
angle AB. 

[0006] The control of the rate of change of this angle is of 
interest in a number of ?elds. To control the descent of 
moveable element B (Which can also be described as con 
trolling the rate of change of angle AB), there are tWo 
traditional approaches. Both these approaches implement 
motorised control of the linkage D to control its positioning 
With respect to rigid structure A. By varying angle AD the 
mechanical advantage of strut C is changed so that the 
combined effect of the compression and change of position 
result in a controlled descent of moveable element B. 

[0007] The ?rst approach to controlling moveable element 
B is to use an open loop control that assumes that the system 
is unchanging and Will alWays respond to a particular input 
With the same response curve. Though this is a reasonable 
assumption While the conditions under Which the system is 
operated are controlled, in an uncontrolled environment 
these assumptions become invalid. For example, if used 
outdoors, moveable element B may be loaded With snoW or 
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ice, thus changing its effective Weight, Which Will cause strut 
C to compress at a greater rate than it otherWise Would. 
Additionally, strut C is usually modelled as an ideal spring, 
Which deforms linearly With respect to the applied force, but 
in reality, the struts are knoWn to have a changing gas 
pressure as a result of temperature variations, and loss of gas 
through use of the strut. This has the effect of dynamically 
changing the spring constant associated With strut C. These 
variations render the open loop control system inaccurate 
after moderate exposure to a functional environment. 

[0008] The second traditional approach is to create a 
multiple-input-multiple-output (MIMO) control system. To 
create a MIMO control system a detailed model of the 
system must be constructed. This model accounts for the 
Weight of moveable element B, the pressure in the piston of 
strut C and the temperature of the gas in the piston among 
other factors. This model is then used by a MIMO control 
system such as a linear quadratic regulator, or a sliding state 
controller to control the rate of change of angle AB. Though 
the parameterisation of the system Will not necessarily 
account for the aging of strut C, it is possible to modify the 
parameterisation model to account for the aging effects, and 
potential loading of moveable element B on an ongoing 
basis, using the sensed data to determine the ?uctuations in 
the model parameters. This alloWs the MIMO control system 
to accurately control the descent of moveable element B. 
The draWback to this sophisticated approach is that it 
requires a high degree of complexity in its implementation. 
Sensors must be connected to all the elements in the system 
to measure loading, pressurisation and temperature, along 
With other variables, so that the parameterisation can be 
maintained. This is both computationally expensive and 
impractical to implement When cost conscious decisions are 
required. 

[0009] It is, therefore, desirable to provide a method of 
accurately controlling the descent of a moveable element 
With respect to a rigid structure Without requiring monitoring 
of the elements to determine a neW set of parameterisations 
to create a complex control system. 

SUMMARY OF THE INVENTION 

[0010] It is an object of the present invention to obviate or 
mitigate at least one disadvantage of previous method and 
systems for controlling the descent of a moveable element in 
a four link system. 

[0011] In a ?rst aspect of the present invention there is 
provided a system for controlling the tWo phase descent of 
a moveable element that is pivotally attached to a rigid 
structure. The system includes a linkage, a compressible 
strut, angle measuring means, and control means. The link 
age is pivotally attached to the rigid structure. The com 
pressible strut is pivotally connected to both the linkage and 
the moveable element. The angle measuring means is con 
nected to measure an angle betWeen the moveable element 
and the rigid structure at their pivotal connection. The 
control means is operatively connected to the angle mea 
suring means to receive the measured angle, and used for 
determining the start of a transition betWeen the ?rst and 
second phases of the descent of the moveable element, and 
for selecting a descent pro?le from a table based on the 
measured angle at Which the transition betWeen the ?rst and 
second phases occurs, and for controlling the angle betWeen 
the linkage and the rigid structure during the second phase 
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of the descent based on the selected pro?le. In an embodi 
ment of the ?rst aspect of the present invention, the angle 
measuring means further includes means to measure a 
further angle betWeen the linkage and the rigid structure at 
their pivotal connection, a change in a relationship betWeen 
the measured angle and the further measured angle indicat 
ing the transition. In an alternate embodiment of the ?rst 
aspect of the present invention, a sensor is operatively 
connected to the compressible strut to determine a compres 
sion condition of the strut, a change in the compression 
condition indication the transition. 

[0012] In an embodiment of the ?rst aspect of the present 
invention the control means includes a microcontroller for 
determining the transition betWeen the ?rst and second 
phases of the descent of the moveable element By monitor 
ing the relationship betWeen the angle betWeen the moveable 
element and the rigid structure and the angle betWeen the 
linkage and the rigid structure, for selecting a descent pro?le 
from a table based on the angle at Which the transition 
betWeen the ?rst and second phases occurred. In another 
embodiment of ?rst aspect, the control means includes a 
motor, operatively connected to the microcontroller for 
receiving the selected descent pro?le, and to the linkage for 
controlling the angle betWeen the linkage and the rigid 
structure during the second phase of the descent based on the 
received pro?le. In other embodiments of the present inven 
tion the microcontroller includes either an open loop or a 
closed loop controller for selecting an open loop or a closed 
loop descent pro?le, respectively, from the table. In other 
embodiments of the present invention angle measuring 
means include either a magnetic rotary encoder, or an optical 
encoder, connected to measure the angle. In another embodi 
ment, the compressible strut includes a compressible piston, 
While the moveable element is either a gate or a door. 

[0013] In a second aspect of the present invention, there is 
provided a method for controlling the descent of a moveable 
element that is pivotally attached to both a rigid structure 
and to a strut, the strut being pivotally connected to a linkage 
Which in turn is pivotally connected to the rigid structure. 
The method comprises the folloWing tWo steps. The ?rst step 
is selecting a control pro?le in accordance With an angle 
betWeen the moveable element and the rigid structure at a 
transition betWeen a ?rst and second phase of the descent of 
the moveable element. The second step is controlling the 
movement of the linkage With respect to the rigid structure 
in accordance With the selected control pro?le. In an 
embodiment of the present aspect of the invention, prior to 
the step of selecting, are the folloWing three steps. First, 
measuring a ?rst angle betWeen the moveable element and 
the rigid structure. Second, measuring a second angle 
betWeen the linkage and the rigid structure. Third, deter 
mining the transition betWeen the ?rst and second phases of 
the descent When the ?rst and second angles cease tracking 
each other in accordance With a ?rst relationship indicative 
of the ?rst phase of the descent of the moveable element. In 
an alternate embodiment of the second aspect, prior to the 
step of selecting is the step of determining the transition 
betWeen the ?rst and second phases of the descent by 
determining a change in the compression condition of the 
strut. 

[0014] In an embodiment of the second aspect, the step of 
selecting a control pro?le includes the step of selecting an 
open loop control. In an alternate embodiment, the step of 
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selecting a control pro?le includes the step of selecting 
closed loop control, Where the closed loop control is either 
a proportional control or a proportional-integral-derivative 
control. In another embodiment, the step of comparing 
includes determining if the ?rst and second angles are 
tracking each other in accordance With a linear relationship. 

[0015] Other aspects and features of the present invention 
Will become apparent to those ordinarily skilled in the art 
upon revieW of the folloWing description of speci?c embodi 
ments of the invention in conjunction With the accompany 
ing ?gures. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0016] Embodiments of the present invention Will noW be 
described, by Way of eXample only, With reference to the 
attached Figures, Wherein: 

[0017] FIG. 1 is an illustration of the system in Which the 
present invention is implemented; 

[0018] FIG. 2 is an illustration of the correlation betWeen 
angles AD and AB in a number of system; and 

[0019] FIG. 3 is a ?oWchart illustrating a method of the 
present invention. 

DETAILED DESCRIPTION 

[0020] Generally, the present invention provides a method 
and system for controlling the descent of a moveable ele 
ment such as a gate. 

[0021] Using empirical information about the system it 
has been determined that there is a relationship betWeen 
angles AB and AD, and betWeen the rate of change of these 
angles as Well during the descent of moveable element B. As 
moveable element B begins to descend, strut C does not 
compress, and instead linkage D pivots about rigid structure 
A to reduce the mechanical advantage. During this initial 
phase of the descent of the gate, there is a relationship 
betWeen angles AB and AD. In many cases the relationship 
is linear, but different arrangements using different elements 
can result in a direct but non-linear relationship. 

[0022] During the second phase of the descent of move 
able element B, the strut C begins to compress as the Weight 
of moveable element B eXceeds the supporting capacity of 
the piston in strut C. At this point, the initial relationship 
betWeen AB and AD ceases, and a neW relationship begins. 
The neW relationship may be both direct and linear, but it is 
noticeably different than the initial relationship. 

[0023] The angle AB at Which the ?rst relationship ceases 
is determined by the variable factors of the system including 
the Weight of moveable element B and the pressure in strut 
C. The point at Which the relationship changes is used in the 
present invention to select a control system to loWer move 
able element B. In using the measured angle AB, the present 
invention does not require equipment used to monitor the 
loading of moveable element B, or the pressure of strut C. 
Instead the present invention provides a variety of modes 
that offer an implementation that is only moderately more 
complex than an open loop control, While offering many of 
the advantages of the MIMO control systems. 

[0024] If the relationship betWeen AB and AD is moni 
tored, the transition betWeen the ?rst and second phases can 
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be detected by determining the angle at Which the relation 
ship betWeen AB and AD changes. The speci?c angle AB at 
Which this happens is a function of a number of variables, 
including the Weight of moveable element B on strut C and 
the resilience of strut C to deformation, Which is a function 
of both the quantity of gas in the piston and the temperature 
of the gas. The Weight of moveable element B on strut C is 
also a function of the orientation of rigid structure A With 
respect to ground G. If rigid structure Ais part of a truck, and 
the truck is inclined, the Weight of moveable element B on 
strut C varies With respect to the inclination of the truck. 

[0025] FIG. 2 is a graph illustrating the change in the 
angular relationship betWeenAB andAD. The three different 
relationships represent different pro?les of loading on move 
able element B, and resilience of compressible strut C. Each 
of the three relationships is associated With a different pro?le 
used to select the control that guides moveable element B to 
close. In each graph, the transition point 50 betWeen the ?rst 
and second relationships of angles AB and AD are shoWn. 
When this transition point 50 is detected the measurement of 
angle AB recorded. 

[0026] If one considers that the aforementioned variety of 
factors controls the rate of descent of moveable element B 
With respect to rigid structure A, it becomes apparent that 
these factors also control the angle at Which the relationship 
betWeen angles AB and AD ceases to function. This transi 
tion angle is simple to determine, as it requires only com 
parison of angular measurements from tWo linkages. One of 
skill in the art Will readily appreciate that there exist a 
number of knoWn mechanisms that can monitor this angle 
such as a rotary position encoder or magnetic rotary positon 
sensor, or a simple potentiometer 

[0027] After the relationship of phase one ceases, the 
second phase of the descent commences, and strut C begins 
compressing. The rate of compression, as determined by the 
Weight of moveable element B, the amount of gas in the 
piston, and the temperature of the gas in the piston Will 
directly affect the rate of descent, and together are factors in 
determining the angle at Which the transition from the ?rst 
phase to the second phase begins. Whereas a MIMO system 
characterises the system using a plurality of variables that 
are dif?cult to determine, the present invention characterises 
the system using the angle AB at Which the ?rst relationship 
betWeen AB and AD ceases. 

[0028] In the prior art, open loop control systems have 
been implemented using one model of the system, so that 
after a ?xed amount of time a microcontroller activates a 
motor to control the movement of linkage D so that linkage 
D folloWs a predetermined path and controls the descent of 
moveable element B. This is insuf?cient as the system 
parameters vary over time. In the present invention, a 
microcontroller stores a number of pro?les for the system. 
These pro?les are characterised by the angle AB at Which 
?rst relationship betWeen AB and AD ceases. Each of these 
pro?les de?nes a different control algorithm to be used to 
move linkage D, so that the descent of moveable element B 
can be controlled. 

[0029] A plurality of pro?les can be stored by the micro 
controller that Will be used to select the path through Which 
linkage D is controlled. This alloWs the system to be 
characterised by a simple angular measurement instead of 
relying upon the complex characterisation of a MIMO 
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control system. The simplicity of the characterisation of the 
system results in a reduction in the number of elements that 
must be monitored. This reduction has a corresponding 
reduction in the cost of implementing the control system. 

[0030] In one embodiment of the present invention, the 
pro?les that are selected by the microcontroller are open 
loop controls that are used as input to a motor controlling the 
movement of linkage D. If the angle at Which AB and AD 
cease to track according to the ?rst relationship does not 
correspond to one of the prede?ned pro?les, the microcon 
troller Will select the open loop control pro?le closest to the 
actual angle. 

[0031] In an alternate embodiment, the pro?les selected by 
the microcontroller are closed loop controls that use the 
angular measurements of AB as an input, in addition to the 
knoWn angular measurement of AD, to control the move 
ment of the linkage. These pro?les have a greater compu 
tational complexity than the stored open loop controls, but 
provide many of the bene?ts of closed loop control, includ 
ing the ability to compensate for minor variations in the 
parameterisation variables. This results in a better control of 
the descent of moveable element B, When the determined 
angle does not exactly match the angles associated With the 
pro?les. 

[0032] In an alternate embodiment, the determination of 
the transition is achieved through a direct sensor that is 
attached to strut C to determine its compression condition. 
When the strut transitions from a phase in Which it does not 
compress to a state that it does compress, the ?rst phase of 
the descent of the moveable element transitions to the 
second phase. Once a transition in this sensor is detected, 
angle AB is noted and is used to select the control pro?le. 

[0033] FIG. 3 illustrates the method of the present inven 
tion as a ?oWchart. In step 100 the angles AB and AD are 
measured. In step 102, angles AB and AD are compared. In 
step 104, a determination of Whether or not AB and AD are 
tracking is made. If they are tracking each other, the process 
returns to measuring the angles in step 100. If they are not 
tracking each other, the angle at Which they ceased to track 
is determined in step 106. The determined angle is used in 
step 108 to select a control pro?le. In step 110, the selected 
control pro?le is used to control the movement of linkage D 
so that gate is loWered at the desired rate. 

[0034] The above-described embodiments of the present 
invention are intended to be examples only. Alterations, 
modi?cations and variations may be effected to the particu 
lar embodiments by those of skill in the art Without departing 
from the scope of the invention, Which is de?ned solely by 
the claims appended hereto. 

What is claimed is: 
1. A system for controlling a tWo phase descent of a 

moveable element pivotally attached to a rigid structure 
comprising: 

a linkage, pivotally attached to the rigid structure; 

a compressible strut, pivotally connected to both the 
linkage and the moveable element; 

angle measuring means connected to measure an angle 
betWeen the moveable element and the rigid structure at 
their pivotal connection; 
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control means, operatively connected to the angle mea 
suring means, for receiving the measured angle, for 
determining the start of a transition betWeen the ?rst 
and second phases of the descent of the moveable 
element, and for selecting a descent pro?le from a table 
based on the measured angle at Which the transition 
betWeen the ?rst and second phases occurs, and for 
controlling the angle betWeen the linkage and the rigid 
structure during the second phase of the descent based 
on the selected pro?le. 

2. The system of claim 1, Wherein the angle measuring 
means further includes means to measure a further angle 
betWeen the linkage and the rigid structure at their pivotal 
connection, a change in a relationship betWeen the measured 
angle and the further measured angle indicating the transi 
tion. 

3. The system of claim 1, further including a sensor, 
operatively connected to the compressible strut to determine 
a compression condition of the strut, a change in the 
compression condition indication the transition. 

4. The system of claim 1, Wherein the control means 
includes a microcontroller for determining the transition 
betWeen the ?rst and second phases of the descent of the 
moveable element By monitoring the relationship betWeen 
the angle betWeen the moveable element and the rigid 
structure and the angle betWeen the linkage and the rigid 
structure, for selecting a descent pro?le from a table based 
on the angle at Which the transition betWeen the ?rst and 
second phases occurred. 

5. The system of claim 4, Wherein the control means 
includes a motor, operatively connected to the microcon 
troller for receiving the selected descent pro?le, and to the 
linkage for controlling the angle betWeen the linkage and the 
rigid structure during the second phase of the descent based 
on the received pro?le. 

6. The system of claim 4, Wherein the microcontroller 
includes an open loop controller for selecting an open loop 
descent pro?le from the table. 

7. The system of claim 4, Wherein the microcontroller 
includes an closed loop controller for selecting closed loop 
descent pro?le from the table. 

8. The system of claim 1, Wherein the moveable element 
is a gate. 

9. The system of claim 1, Wherein the moveable element 
is a door. 

10. The system of claim 1, Wherein the angle measuring 
means includes a magnetic rotary encoder operatively con 
nected to the moveable element and the rigid structure for 
determining the angle betWeen them. 

11. The system of claim 1, Wherein the angle measuring 
means includes a rotary optical encoder operatively con 
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nected to the moveable element and the rigid structure for 
determining the angle betWeen them. 

12. The system of claim 1, Wherein the compressible strut 
includes a compressible piston. 

13. A method of controlling descent of a moveable 
element pivotally attached to a rigid structure, and to a strut, 
the strut being pivotally connected to a linkage Which in turn 
is pivotally connected to the rigid structure, the method 
comprising: 

selecting a control pro?le in accordance With an angle 
betWeen the moveable element and the rigid structure at 
a transition betWeen a ?rst and second phase of the 
descent of the moveable element; and 

controlling the movement of the linkage With respect to 
the rigid structure in accordance With the selected 
control pro?le. 

14. The method of claim 13, further including, prior to the 
step of selecting, the steps of: 

measuring a ?rst angle betWeen the moveable element and 
the rigid structure; 

measuring a second angle betWeen the linkage and the 
rigid structure; and 

determining the transition betWeen the ?rst and second 
phases of the descent When the ?rst and second angles 
cease tracking each other in accordance With a ?rst 
relationship indicative of the ?rst phase of the descent 
of the moveable element. 

15. The method of claim 13, further including, prior to the 
step of selecting, the step of determining the transition 
betWeen the ?rst and second phases of the descent by 
determining a change in the compression condition of the 
strut. 

16. The method of claim 13, Wherein the step of com 
paring includes determining if the ?rst and second angles are 
tracking each other in accordance With a ?rst linear rela 
tionship. 

17. The method of claim 13, Wherein the step of selecting 
a control pro?le includes the step of selecting an open loop 
control. 

18. The method of claim 13, Wherein the step of selecting 
a control pro?le includes the step of selecting closed loop 
control. 

19. The method of claim 18, Wherein the closed loop 
control is a proportional control. 

20. The method of claim 18, Wherein the closed loop 
control is a proportional-integral-derivative control. 


